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© A composite film barrier. 



© A composite film barrier (10) for packaging an 
oxygen-sensitive product comprises an inner ply (20) 
of a polymeric material to be disposed adjacent the 
product and an outer ply (30) of polymeric material 
spaced away from the inner ply. A substantially 
anaerobic space (40) is defined between the inner 
and outer plies. This space may be filled with an 
anaerobic gas or may be under vacuum. 
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The present invention generally relates to 
packages employing gas-permeable films and is 
particularly useful in packaging oxygen-sensitive 
products such as food products. 

Many products are sensitive to gases com- 
monly found in the air, with oxygen tending to be 
the most problematic of these gases. For instance, 
many foods tend to be adversely affected by oxy- 
gen because they undergo chemical changes in 
the presence of oxygen that degrade their taste or 
color. One example of such a chemical change is 
the tendency of fats to react with oxygen and 
become rancid. Oxygen may also promote the 
growth of bacteria and the like which will cause 
food to spoil. 

When commercially packaging oxygen-sensi- 
tive food products or the like for extended storage 
before sale or ultimate use by a consumer, care 
must be taken to minimize the product's contact 
with oxygen during storage. When canning food 
products, the cans are hermetically sealed to keep 
air from coming into contact with the food. In 
commercial canning processes, the containers tend 
to be formed entirely out of metal, with seams 
being welded or mechanically crimped closed. In 
home canning processes and in some other com- 
mercial processes, glass containers having metal 
lids are used and the lids commonly include a 
compressible sealing strip of a rubber-like material 
to form an air-tight seal between the glass jar and 
the lid. In some home canning processes, an addi- 
tional wax barrier is placed between the product 
and the food to limit contact with any oxygen which 
may leak through the seal between the jar and the 
lid. 

Both of these types of containers tend to be 
quite effective in keeping oxygen out of the interior, 
and hence out of contact with the food stored 
inside, because metal and glass are essentially 
absolutely oxygen-impermeable. So long as the 
seal between the component parts of the contain- 
ers remains intact, there is little chance that oxygen 
will enter the container and affect the food. 

In modern packaging, plastic materials have in 
many instances entirely replaced metal or glass as 
the primary component of the package due to the 
lower cost of plastics. For instance, frozen pizzas 
and high-fat products such as potato chips and the 
like are commonly sold in an entirely plastic con- 
tainer, perhaps using a label formed of paper or 
some other readily printed material. Unlike metal or 
glass, though, virtually all polymeric materials used 
in packaging food are at least slightly permeable to 
oxygen r -with-=the permeability varying -from one 
plastic material to another. Although plastics tend 
to be significantly cheaper than metal or glass in 
most food packaging applications, the oxygen p r- 
meability of plastic films can also reduce the effec- 



tive shelf life of the product contained in the pack- 
age. 

Many attempts have been made to develop 
materials for use in the packaging industry that 

5 minimize oxygen transmission; these attempts have 
encompassed both development of homogenous 
polymeric films with new plastics and composite 
films that may include layers of different plastics. 
Among the polymeric films most commonly used 

70 in the packaging industry are polyvinylidene chlo- 
ride (PVDC. sold under the trade name "Saran"). 
which has a relatively low gas permeability or 
transmittance; biaxially oriented nylon, which exhib- 
its moderate oxygen transmittance; and polyethyl- 

75 ene, which transmits oxygen more freely. For in- 
stance, a 13 micron film of a PVDC will transmit 
about 4.0 cm 3 of oxygen/m 2 of surface 
area/atmosphere/day, while a 1 mil (25 micron) film 
of nylon 6 will transmit oxygen at about ten times 

20 that rate (about 40 cm 3 of oxygen/m 2 of surface 
area/atmosphere/day). 

Current composite materials may include a lay- 
er of a metal foil, e.g. a 25um aluminum foil, 
disposed between a pair of plastic films, which 

25 may be formed of different polymers if so desired. 
One of the advantages of using a plastic/metal 
composite material is that the metal layer can, if 
thick enough, make the composite material sub- 
stantially totally oxygen impermeable. 

30 Unfortunately, though, materials which provide 

better resistance to oxygen transmission also tend 
to be more expensive. Plastic/metal composite 
films are generally much more expensive than a 
film formed solely of the plastic material and are 

35 also opaque, preventing a consumer from seeing 
the contents of the package at the point of sale. 
There are also significant cost differences between 
different polymeric film materials. As a general rule 
of thumb, polymeric films which have lower rates of 

40 oxygen transmittance tend to be more expensive 
than films with higher oxygen transmission rates. 

The oxygen transmittance of a polymeric film 
of a given composition is generally inversely pro- 
portional to its thickness - a film which is twice as 

45 thick will transmit about half as much oxygen. 
Polymeric films used as walls of containers also 
have to meet certain other physical requirements, 
such as minimum tensile strength, to provide a 
suitable commercial container. Accordingly, it is 

so frequently more cost-effective to use a thicker film 
of a cheaper plastic material than a thinner film of a 
more expensive plastic to achieve the same net 
oxygen transmittance. 

Numerous attempts have been made to pro- 

55 vide a more cost ffective oxygen barrier. For 
instance, U.S. Patent 4,105,818, issued to Scholle, 
sets forth an alleged improv ment in packag s 
using polymeric films. According to Scholle's 
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teachings, one can improve the barrier properties 
of a plastic film by splitting a single thicker ply of 
plastic into a pair of thinner films, with each of the 
thinner films having a thickness about half that of 
the thicker film. Scholle claims that, at steady-state 
conditions, a single ply of 0.5 mil PVDC transmits 
about twice as much oxygen as a single ply of 1.0 
mil PVDC, (as one would expect), yet a composite 
film consisting of two plies of 0.5 mil PVDC trans- 
mits less than half the oxygen transmitted by the 
1.0 mil film. 

This is counterintuitive in that one would expect 
such a film to transmit at about the same rate as 
the 1.0 mil film since its total thickness is the 
same. As explained more fully below, though, this 
simply is not believed to be the case. 

At steady-state, the two-ply film will indeed 
transmit oxygen at substantially the same rate as a 
single-ply film having the same total thickness. 
Furthermore, if air is permitted to remain between 
the two plies of the composite film it has been 
found that the transmission rate of such a compos- 
ite film is actually substantially greater than that of 
the single-ply film of the same thickness, at least 
initially. Only after some time has passed will such 
a composite film approach the transmission rate of 
the single-ply film of the same thickness; such a 
film cannot reduce the transmission rate below that 
of a single-ply of the same thickness. 

Other attempts have been made to extend the 
shelf life of oxygen-sensitive films by providing 
"oxygen absorbing" materials in the container with 
the product. Such oxygen absorbing materials op- 
erate on the principle that they are more reactive 
with oxygen than the product and therefore will 
consume oxygen entering the package before it 
can react with the food product. For instance, an 
oxygen absorbing product sold by Mitsubishi Gas 
Chemical Company under the trademark AGELESS 
utilizes finely divided iron powders to scavenge 
oxygen from the atmosphere. 

However, there are concerns with placing such 
a material in direct physical contact with food pro- 
ducts. In addition to obvious risks of degradation of 
taste and color of the foods, there are concerns 
regarding the possible reactions of these powders 
with the food products themselves. Accordingly, if 
such oxygen absorbing products are used in pack- 
aging foods, they must generally be physically 
isolated from the food. This adds further complex- 
ity, and hence cost, to these packages. 

It would be advantageous to provide a cost- 
effective polymeric film material for packaging oxy- 
gen-sensitive products which does not suffer from 
the problems associated with prior art materials. In 
particular, such a film is desirably translucent or 
substantially transparent to permit consumers to 
see the food products at the point of sale. It should 



not introduce potential contaminants into the inner 
cavity of the container wherein the product is 
stored. And, perhaps most importantly, it should 
provide an effective barrier to oxygen transmission 
5 to enhance the shelf life of oxygen-sensitive pro- 
ducts without unduly increasing the expense of the 
package. 

The present invention provides a composite 
film barrier for packaging an oxygen-sensitive prod- 

w uct comprising an inner ply of a polymeric material 
disposed adjacent the product, an outer ply of 
polymeric material spaced away from the inner ply 
and a substantially anaerobic space defined by the 
inner and outer plies. The inner and/or the outer 

75 ply may be formed of an edible polymeric material. 
The distance between the inner ply and the outer 
ply may be at least 100 times the thickness of one 
of the plies. The oxygen transmittance of the inner 
ply may be the same as the oxygen transmittance 

20 of the outer ply, but alternatively the ratio between 
the oxygen transmittance of the inner ply and the 
oxygen transmittance of the outer ply is between 
about 0.4 and about 0.6. In one preferred embodi- 
ment, the space between the plies is filled with a 

25 substantially anaerobic gas, such as nitrogen. In an 
alternative embodiment, at least one of the two 
plies is provided with a textured surface and a 
vacuum is drawn on the space between the plies. 
The texture of the ply or plies will serve to phys- 

30 ically space one film from the other, providing a 
substantially anaerobic space between the two 
plies. 

The present invention also encompasses a va- 
riety of package designs using a barrier of the 

35 invention. In one embodiment, the package in- 
cludes a plurality of sides and at least a portion of 
one of these sides is provided with a substantially 
transparent or translucent barrier in accordance 
with the invention. Such a package may be used 

40 where it is desired to provide a window in an 
otherwise opaque package to permit consumers to 
view its contents. In another embodiment, all of the 
sides of the container except for one is formed of a 
barrier film of the invention while the remaining 

45 side is formed of a material having barrier prop- 
erties at least equal to those of the barrier of the 
invention. Such a package may be used, for in- 
stance, where it is preferred that the package in- 
clude an opaque area for carrying a label or other 

so printed material yet permit a consumer to see the 
product which they are buying. 

In order that the invention may be more readily 
understood and so that further features thereof may 
be appreciated, the invention will now be described 

55 by way of example with reference to the accom- 
panying drawings in which: 

Figur 1 is a schematic diagram of a composite 
film barrier in accordance with the invention; 
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Figure 2 is a schematic illustration of a prior art 
package for oxygen-sensitive products; 
Figure 3 is a schematic illustration of a package 
utilizing a composite film barrier of the invention 
Figure 4 is a graph depicting the relationship 
between time and the concentration of oxygen 
in a closed atmosphere enclosed by a single 
film layer; 

Figure 5 is a graph depicting the relationship 
between time and the concentration of oxygen 
in the "anaerobic" space between the plies of a 
composite film barrier of the invention and in an 
"aerobic" space between plies of an analogous 
composite film barrier; 

Figure 6 is a graph illustrating the half-life of a 
barrier of the invention as a function of a propor- 
tional thickness parameter, a, of the plies of the 
composite film barrier of the invention; 
Figure 7 is a graph depicting the total volume of 
oxygen transmitted into a package as a function 
of time for various oxygen barrier constructions; 
Figure 8 is a schematic representation of an 
alternative embodiment of a composite film bar- 
rier of the invention utilizing more than two plies; 
Figure 9 is a schematic representation of an- 
other embodiment of a composite film barrier of 
the invention employing multiple plies; 
Figure 10 is a schematic representation of yet 
another embodiment of a composite film barrier 
of the invention employing multiple piles; 
Figure 1 1 is a schematic illustration of another 
embodiment of the invention employing a 
foamed polymeric material as a barrier; 
Figure 12 is a schematic illustration of a pack- 
age in accordance with the present invention; 
and 

Figure 13 is a schematic illustration of another 
embodiment of a package according to the in- 
vention. 

Figure 1 depicts a composite film barrier ac- 
cording to one preferred embodiment of the inven- 
tion. In this schematic drawing, the composite film 
10 comprises an inner ply of a polymeric material 
20, an outer ply of a polymeric material 30, and a 
substantially anaerobic space 40 disposed there- 
between. Each of the two piles is formed of a sheet 
of polymeric material; these two plies may be 
formed of the same or different polymers. For 
reasons explained more fully below, though, it is 
generally preferred that the two plies be formed of 
the same polymeric material and have approxi- 
mately the same thickness so that their individual 
oxygen transmission rates are approximately equal. 

In some applications, the two pli s may be 
formed by simply folding a single sheet of poly- 
meric material to provide two plies adjacent one 
another and joined together along one edge there-, 
of. In such a design, the inner and outer plies of 



the barrier may be sealed together, such as by 
heat sealing or the like, to fully define the an- 
aerobic space therebetween - the space should not 
be open to the atmosphere. 

5 The plies may be formed of any known poly- 

mer having sufficient barrier properties for use in 
packaging applications. Films currently used in the 
art include those made from polyester, poly- 
propylene, PVDC, nylon, and polyethylene, as well 

to as multi-layer laminate films formed of contiguous, 
bonded layers of these and other polymers. Any of 
these films may be advantageously used in the 
present invention. One of the goals of the invention, 
though, is to provide a particularly cost effective 

75 oxygen barrier for use in packaging applications. In 
order to further that end. in many situations it will 
be advantageous to use a cheaper polymeric film. 

The thickness of these two plies of polymeric 
material may be varied as desired, it is contem- 

20 plated that the thickness of each of these plies will 
be dependent on the particular application for 
which the barrier ten of the invention is being used. 
This thickness may also depend upon the com- 
position of the plies because, as explained above, 

25 the oxygen transmittance of a polymeric film will 
depend to a very large extent upon the material 
from which it is formed. It is generally contem- 
plated, though, that the thickness of these films will 
be at least about 10um, and they may be signifi- 

30 cantly thicker than that, depending on the particular 
application. For instance, a highly flexible package 
may be formed of a 10um film while a relatively 
rigid package design may require a much thicker 
film. 

35 In an alternative embodiment of the invention, 

at least one of the plies 20,30 of the composite 
barrier film is formed of an edible polymeric barrier 
material. Although both of the of the plies may be 
formed of such an edible barrier, the other of the 

40 two plies is desirably formed of an ordinary, ined- 
ible polymeric material, as in the embodiment set 
forth above. It is particularly preferred that the inner 
ply 20 be the one formed of the edible material 
and the outer film be formed of the polymeric 

45 material. This will permit a consumer to remove the 
outer, polymeric ply from a package utilizing a 
barrier of the invention to arrive at an edible food 
product, eliminating the need to completely remove 
two separate plies before reaching the product 

so stored within the package. 

A variety of edible films are known in the art. A 
number of diff rent edible films, as well as param- 
eters useful in selecting such films, are set forth by 
S. Guilbert in "Technology and Application of Ed- 

55 ible Protective Films", Chapter 19 (pp. 371-394) of 
Food Packaging, Takashi K., editor (1990), the 
teachings of which are incorporated herein by ref- 
erence. In general, edible films are formed from: 



4 



7 



EP 0 590 465 A1 



8 



proteins; cellulose, starches, dextrins or their de- 
rivatives; plant hydrocolloids; waxes, fat products, 
monoglycerides or their derivatives; or mixtures of 
these materials. For instance, these films may 
comprise a simple coating of a gelatin material 
applied directly to the product. 

The manner in which an edible film will be 
formed for use as the inner ply 20 of the invention 
will vary depending upon the nature of the material 
used in the film. In many applications, though, a 
film-forming agent (e.g. gelatin or the like) will be 
carried in a water-based solution. This solution may 
be applied directly to the product to be packaged 
and the solution -will be dried to produce the inner 
ply 20. This coated product may then be sealed 
within the outer ply 30 with an anaerobic space 40 
disposed between the two plies. As explained 
hereinafter in connection with Figure 6, it is pre- 
ferred that the transmittance of the inner ply be 
about the same as the transmittance of the outer 
ply. Accordingly, it is desirable that the composi- 
tion and thickness of each of the two plies be 
chosen such that the oxygen transmittance of these 
two plies be about the same. 

As explained in some detail below, the an- 
aerobic space 40 between the two plies of the 
barrier will gradually build a partial pressure of 
oxygen when stored in air. Nonetheless, it is pre- 
ferred that the space 40 be generally free of oxy- 
gen when the barrier is initially formed. Providing 
such an anaerobic space may be accomplished in 
any of a wide variety of manners. 

In one preferred embodiment, the space 40 is 
flushed with a supply of an anaerobic gas. Nitrogen 
gas is particularly preferred due to its relatively low 
cost and substantial lack of any toxicity, but virtu- 
ally any suitable anaerobic gas may be used. 
Equipment for flushing the headspaces of pack- 
ages are known in the art and need not be dis- 
closed in detail here. It should also be recognized 
that it is virtually impossible to completely remove 
all oxygen from this space. If an anaerobic gas is 
flushed through the space after the space is al- 
ready defined, some oxygen will unavoidably re- 
main within the space because no amount of flush- 
ing will serve to remove 100% of the oxygen which 
may be present between the films. The amount of 
residual oxygen between the two plies 20. 30 may 
be reduced, though, if the plies are assembled in 
anaerobic atmospheres, such as by assembling the 
two plies to form the composite film barrier 10 of 
the invention within a nitrogen atmosphere. As 
used herein, the phrase "substantially anaerobic" 
or "substantially oxygen-free" is intended to take 
into account these process limitations on ec- 
onomically removing oxygen from the space during 
commercial packaging of goods. 



The anaerobic space 40 may, in another em- 
bodiment, be provided by drawing a vacuum on 
the space 40 rather than filling that space with an 
anaerobic gas. There are a wide variety of textured 

5 polymeric films available on the market. If one or 
both of the plies 20. 30 of the invention shown in 
Figure 1 were made of such a textured film, the 
texturing of one or both of these plies would tend 
to define a space between the two films even after 

w a vacuum is drawn on this space. If so desired, 
only one of the inner surface 22 of the inner film or 
inner surface 32 of the outer film may be provided 
with such a texturing. This should still provide a 
sufficient space between the films if the texturing is 

is appropriately chosen. 

The texture which is applied to the inner faces 
22, 32 of the plies may be chosen as desired. In 
most applications where a vacuum is to be drawn, 
though, it is preferred that the texturing be rela- 

20 tively dense rather than more spread out. By 
"dense", it is meant that the texture of the surface 
will vary relatively frequently so that there will* not 
be large surface areas of the film which are smooth 
and untextured. By way of example, if the texturing 

25 of the inner surface of the ply or plies* is in a 
generally grid-shaped pattern, the lines of the grid 
should be fairly close to one another so that there 
will not be large, smooth panes between the lines. 
This will add some structural support to the plies 

30 and ensure that the pressure will not collapse one 
ply fully against the other ply, which could substan- 
tially eliminate the anaerobic space 40 between the 
plies. 

In one particular embodiment utilizing the vacu- 
35 urn drawn on the space 40, both plies 20, 30 of the 
barrier 10 are provided with a series of elongated, 
substantially linear protrusions on its surface. The 
linear protrusions of the inner surface 22 of the 
inner ply and those on the inner surface 32 of the 
40 outer ply are desirably oriented generally perpen- 
dicularly to one another to essentially produce a 
grid of abutting protrusions between the films. This 
will help to maintain an anaerobic space between 
the two plies 20, 30 when a vacuum is drawn on 
45 the anaerobic space 40. 

The advantages of the present invention over a 
conventional, single-film package structure are 
shown in Figures 2-7. Figure 2 is a simplified 
schematic diagram of a conventional prior art pack- 
so age using a polymeric film. In this conventional 
package an oxygen-consuming product 15* is con- 
tained within a single layer 20' of a polymeric film. 
Figure 3 shows a schematic diagram similar to 
Figure 2 illustrating a barrier 10 of the present 
55 invention using a packaging application. Once 
again, -the oxygen-consuming product 15 is re- 
tain d within the inner ply 20. In accordance with 
the present invention, though, a second outer ply 
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30 is disposed around the inner ply 20 with an 
anaerobic space 40 being formed between the 
inner and outer plies. 

The oxygen transmission properties of the prior 
art package illustrated in Figure 2 are well known in 
the art. Many products will essentially consume all 
of the oxygen which may be transmitted through 
the single barrier 20'. Thus, over time, the differen- 
tial pressure of oxygen between the external at- 
mosphere (which is assumed to be air with a partial 
pressure of oxygen of about 0.20 atm) and that 
within the enclosure defined by the film 20* will 
remain constant. Under these conditions, one 
would expect the rate of transmission of oxygen 
through the film 20* to remain substantially con- 
stant. 

Figure 7 depicts the total volume of oxygen 
which would be transmitted through a variety of 
different barriers as a function of time for a pack- 
age having a surface area of approximately 700 
cm 2 . Two of the lines in that figure are directed to 
prior art packages which utilize a single film barrier, 
such as that shown in Figure 2. The line labelled as 
T = 4 designates a single layer film having a trans- 
mittance (T) of about 4.0 cm 3 0 2 /m 2 /atm/day (des- 
ignated hereinafter as T = 4.0); the line in Figure 7 
designated T = 20 depicts the total amount of oxy- 
gen one would expect to be transmitted through 
such a single layer film having a transmittance of 
about 20 cm 3 of 02/m 2 /atm/day (T = 20). These two 
films may be exemplified by a PVDC film of about 
13um, which has a transmittance of about T = 4.0, 
and a 50um nylon 6 film which has a transmittance 
of about T = 20. As can be seen from Figure 7, 
both of these lines are substantially linear, indicat- 
ing the rate of oxygen transmission would be sub- 
stantially constant over a period of more than 200 
days. 

Figure 4 plots the concentration of oxygen in a 
package such as that shown in Figure 2 wherein 
the product 15 is replaced with dead air. Once 
again, the surface area of the package is assumed 
to be about 700 cm 2 , the external atmosphere is 
assumed to be air which has a partial pressure of 
oxygen of about 0.20 atm, and the volume within 
the package is assumed to be about 530 cm 3 . At 
ideal equilibrium, the partial pressure will be sub- 
stantially the same within the package as it is 
outside the package, i.e., 0.20 atm (shown as the 
limit in Figure 4). The rate of change of the partial 
pressure of oxygen can be expressed by the fol- 
lowing formula 1: 

(dP/dt) = rate/V 

wherein P is the partial pressure of oxygen in the 
container, t is time, and V is the volume within th 
container, in this case 530 cm 2 . The rate of oxygen 



transmission can be expressed as rate=TA(P 0 - 
P), wherein T is the transmittance of the barrier, A 
is the surface area of this barrier, P 0 is the partial 
pressure of oxygen outside of the container (as- 

5 sumed to be that of air at about 0.20 atm) and P is 
the partial pressure of oxygen in the container. 
Substituting this expression for the rate in formula 
1 and solving the differential equation, the partial 
pressure of oxygen within the package as a func- 

10 tion of time can be expressed as the following 
formula 2: 

P(t) = P Q {1-e<-™ v >}. 

75 Figure 4 plots the partial pressure of oxygen within 
the prior art container of Figure 2 as determined in 
accordance with this formula. 

A half-life (t*) of a container, as used herein, 
designates the time it takes for the partial pressure 

20 of oxygen to reach one-half of its equilibrium level. 
Obviously, at equilibrium t = «>, the partial pressure 
within the container (P) will be the same as the 
partial pressure of oxygen outside of the container 
(P Q ). As explained above, in Figure 4 the partial 

25 pressure of oxygen outside of the container is 
assumed to be about 0.20 atm, which is average 
for ambient air. Accordingly, the half-life of the film 
will be the time at which the partial pressure of 
oxygen within the container reaches about 0.10 

30 atm. As shown in Figure 4, the t half-life of that film 
is approximately 130 days for that prior art pack- 
age, which initially was filled with 530 cm 3 of an 
anaerobic gas. 

As noted above, the composite film barrier 10 

35 of the invention includes a substantially anaerobic 
space 40 between the two plies 20, 30 of the 
barrier. In a barrier of the invention, the rate of 
transmission of oxygen into the space 40 can be 
expressed as the rate of oxygen transmission 

AO through the outer ply 30 into the space 40 (ratei) 
minus the rate of oxygen transmission from the 
interior space 40 through the inner ply 20 (rate2>. 
By analogy to formula 1, formula 3 can be stated 
as follows: 

45 

(dP/dt)= (ratex -rate 2 )/V t 

wherein V is the volume of the space 40 between 
the inner ply 20 and outer ply 30 of the barrier 10. 
so As the rate of transmission through each of these 
barriers can be expressed as TA(P Q - P), formula 3 
can be expressed as the following formula 4: 

(dP/dt)={hA>(P 0 -P) - T 2 A 2 (P-P in )}tV. 

55 

wherein P in is the partial pressure of oxygen within 
the container, i. . on th side of th inner ply 20 
farthest away from the outer ply 30. 
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It is assumed that the product 15 in the pack- 
age shown in Figure 3 will consume any oxygen 
which is transmitted through the barrier into the 
interior of the package. Accordingly, P in will always 
be zero. Integration of the resulting formula yields 
the following formula 5: 

P s = (a!b)P 0 {l-e<-">} f 

wherein q= hAJV and b = (KA: + T 2 A 2 /V. When 
the barrier 10 is at true equilibrium conditions, i.e., 
when t = °°, the partial pressure of oxygen within 
the space 40 between the plies can be expressed 
as (a/b)P D . 

The optimum balance between respective 
transmittances of the inner ply and the outer ply, 
i.e., Ti and T2, respectively, is important in maxi- 
mizing the overall barrier properties of the compos- 
ite film barrier 10 of the invention. As noted above, 
it has been determined that the optimum balance is 
achieved when these transmittances are about 
equal to one another. In order to demonstrate this, 
one can determine when the half-life of the com- 
posite film barrier 10 is at its maximum; since this 
means that the rate of oxygen build-up in the 
space 40 is at its slowest, the barrier effect of the 
invention will be at its maximum. 

The half-life of the barrier 10 can be expressed 
as t} = fn(2)/b. Assuming that the surface areas of 
the inner and outer plies (20. 30 respectively) are 
approximately the same. i.e.. Ai ~ A 2 and substitut- 
ing for b, the half-life can be expressed as 
tr*V*ln(2)!A(T\ + T 2 ). The resistance of an oxygen 
barrier is defined as the inverse of its transmit- 
tance, i.e., resistance R=1/T. If one were to set a 
constant total resistance for the barrier (i.e. 
Ri + R2 - R, where R is constant), one could define 
a proportional thickness parameter a such that 
R J =aR and R 2 = (1-a)R. Substituting these values 
in for T1 and T2, respectively, one obtains the 
following formula: 

t*={VR<x(1-*)tn(2)}!A. 

Setting all of the other variables as constants 
and varying only a, one will obtain the generally 
parabolic curve shown in Figure 6. As that graph 
shows, the maximum half-life is obtained when a is 
between about 0.4 and about 0.6, with the peak 
being at a = 0.5. Thus, when the transmittance of 
the two plies 20,30 are approximately equal to one 
another, the half-life (and hence the barrier prop- 
erties of the barrier 10) is maximized. This may be 
accomplished in any desired manner, such as by 
choosing th appropriate thicknesses of two dif- 
ferent polymeric materials to obtain approximately 
equal transmittanc s for the two films. In many 
instances, though, it may be easier to make both of 



the plies of the barrier from the same material at 
the same thickness, such as by forming both plies 
from the same stock of sheet material, as ex- 
plained above. 

5 The bottom curve of Figure 5 depicts the par- 

tial pressure of oxygen within the space 40 as a 
function of time. As explained above, when the 
system is at equilibrium, the partial pressure of 
oxygen within this space is P = (a/b)P Q . When the 

10 transmissivity of both films is the same. b = 2TA/V 
so formula 5 may be rewritten as the following 
formula 6 for the particularly preferred embodiment 
wherein the transmittance of the two films is sub- 
stantially equal: 

75 

P S ='AP 0 {1-e<' bt >}. 

From this formula it is clear that the equilibrium 
partial pressure P is JP 0 , or about 0.10 atm when 

20 the package is in air with a partial pressure P 0 of 
about 0.20 atm. Accordingly, the limit of the curve 
is where P = 0.10 and the half-life of the barrier is 
determined at P = 0.05, or half of the change before 
reaching equilibrium. 

25 Figure 5 also illustrates another important point 

about the present invention. The top curve in- that 
graph illustrates the partial pressure of oxygen in 
the space 40 if the space is initially filled with air 
rather than having an anaerobic gas such as is 

30 employed in a barrier 10 of the invention. If the 
structure of a barrier of the invention is virtually 
identical to that of the barrier set forth above with 
the exception that the anaerobic space 40 is re- 
placed with ambient air, the initial partial pressure 

35 of oxygen in the space 40 would be about 0.20 atm 
but would approach the same equilibrium pressure 
of about 0.10 atm, i.e. the partial pressure of oxy- 
gen in the space will decrease over time rather 
than increase over time as in a barrier of the 

40 invention. Since the other parameters of formula 6 
remain the same, the analogous formula for the 
barrier having aerobic air in the space 40 would be 
F S = #P 0 {1 + e ( ~ bt) }\ the upper curve in Figure 5 is 
based upon this formula. It should also be noted 

45 that the half-life of this air-filled barrier would be 
the same as that for a barrier of the invention; in 
the case of the model package used to generate 
the data of Figure 5 (Ti=T 2 =40, A = 700 
cm 2 = 0.07 m 2 , and V = 530 cm 3 ) t£ = 65.6 days for 

50 both of these barriers. 

The formula for determining the half lives of 
these films may be further simplified. If one as- 
sumes that the spacing between the two plies 
20,30 of the barrier 10 will remain substantially 

55 constant across the entire barrier, the volume V of 
the space 40 will be a function of the areas of the 
plies. The sarn conclusion is reach d if, rather 
than assuming a constant distance between the 
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plies, the distance between the plies varies but the 
average distance between the plies is known. In 
particular, the volume V equals the product of the 
surface area A of the plies (assumed to be about 
the same for both plies) times the distance be- 
tween the plies, X By substitution, the half-life of 
the film may be expressed as t* = {Xln(2)}/2 T or 
t> = 0.347X/T. (It is important that the units of the 
surface area A and the volume V be expressed in 
the same units. If they are not, such as where the 
area is expressed in square meters and the volume 
is expressed in square centimeters, appropriate 
corrections in units must be made.) Using the 
same model container used to generate Figure 5, 
the half-life is once again 65.6 days and that x is 
0.757 cm for that particular design. 

In determining the total oxygen transmitted 
through a barrier 10 of the invention, the relevant 
rate of transmission is that of the inner ply 20. 
Although that rate is dependent upon the partial 
pressure of oxygen in the space 40 between the 
plies, it is clear that only oxygen which actually 
passes through the inner ply 20 will actually enter 
the interior of the package and come into contact 
with the product 15. Hence, the total oxygen trans- 
mitted through a barrier of the invention may be 
expressed as follows: 

Total 0 2 = fratez dt = AT/P dt 

Integrating this formula yields the following formula 
7: 

Total 0 2 (t)= V2ATP Q {t + [1-e<- b1) ]/b}. 

The curve labelled 10 Figure 7 shows the total 
oxygen transmitted through a barrier 10 of the 
invention. In generating that plot, a container having 
substantially the same parameters as those of the 
model container set forth above (i.e. Ti =T2=40, 
A = 700 cm 2 = 0.07 m 2 , and V = 530 cm 3 ) was as- 
sumed. 

As explained above, the transmittance of a 
polymeric film is generally proportional to the thick- 
ness of the film, at least for films of the same 
material. As noted above, line in Figure 7 labeled 
as T = 20 roughly corresponds to the oxygen trans- 
mitted by a single ply film made of nylon 6 at a 
thickness of approximately 50am. By splitting the 
thickness of that film in half, such as to about 
25um of nylon 6, one would expect the transmit- 
tance of that single film to be about T = 40. Con- 
versely, if one were to place two films having a 
transmittance of T = 40 together to function as a 
single-ply barrier, one would expect the net trans- 
mittance of this laminated film to be about T = 20. 
Since th barrier of the inv ntion used in g nerat- 
ing the line 10 in Figure 7 is composed of two plies 



each having a transmittance of T = 40, one would 
expect this barrier to transmit oxygen at almost an 
identical rate to that of the line labeled T = 20 in 
Figure 7. 

5 Figure 7 shows that the slope of the curve 10, 

i.e., the rate at which oxygen is being transmitted 
through the barrier 10, approaches the same slope 
as the prior art single-ply film having a T = 20. 
However, it is clear from this figure that the total 

70 amount of oxygen transmitted by the barrier 10 of 
the invention is substantially less than that transmit- 
ted by a single-ply film having the same thickness 
as the total thickness of the two plies 20, 30 of the 
barrier 10. In particular, the barrier 10 of the inven- 

75 tion transmits oxygen at a very low rate in the 
beginning. As a matter of fact, for about 38 days, 
the barrier 10 utilizing two plies having a T = 40 
transmits oxygen at a lower rate than a single-ply 
film having a T = 4. It is only after the partial 

20 pressure of oxygen within the space 40 of the 
barrier increases over time that the transmittance of 
the barrier will begin to approach that of a single- 
ply film having the same total thickness as the two 
plies of the invention. 

25 Food and other products which are sensitive to 

oxygen generally have a shelf life which is limited 
by the amount of oxygen which is permitted to 
come into contact with the food. At least for food 
products, the shelf life of the product tends to be 

30 relatively short. For instance, in the case of refrig- 
erated dough products, the shelf life is limited; for 
meats and some other products the shelf life may 
be noticeably less. Accordingly, if one can substan- 
tially improve the barrier properties of the package 

35 for these products, one can substantially extend 
the anticipated shelf life of the product. Alternative- 
ly, one could use a more transmissive polymer in 
the plies 20, 30 of the invention than is necessary 
for a single-ply film such as is currently used, yet 

40 achieve the same product shelf life. Although this 
may not extend the shelf life of the product, this 
can significantly reduce the cost of the package 
itself. 

As mentioned above, Scholle's U.S. patent 
45 4,105,818 alleges that the barrier properties of a 
film may be improved simply by splitting a single 
film into two plies with each ply having a thickness 
about half that of the original single ply. However, 
as explained above, this is, at best, only a part of 
so the truth. If one were to simply laminate the two 
films on top of one another, such as by wrapping a 
package in the first ply and then tightly wrapping 
the second ply over the first ply, one would 
achieve a transmittanc essentially equivalent to 
55 that of the single-ply film of the sam thickness. 
Perhaps more importantly, though, Scholle does 
not v n sugg st that there is any importance in 
removing oxygen from any space which may be 



8 



15 



EP 0 590 465 A1 



16 



present between the plies. 

The line identified as 10" in Figure 7 is a plot 
of the total oxygen transmittance of a barrier having 
a structure substantially the same as the barrier 10 
of the invention but wherein the space 40 is initially 
filled with air rather than being a substantially an- 
aerobic space. By comparison of the curve 10" 
and the line labeled T = 20 in Figure 7, it is clear 
that such a barrier containing air would vastly un- 
derperform even a single-ply film having the same 
total thickness. 

The reason for this can be understood a little 
more fully by reference to Figure 5. As shown in 
that graph, the initial partial pressure of oxygen in 
the space 40 would be the same as that of air, i.e., 
about 0.20 atm. Hence, the barrier would initially 
behave as though the inner ply were in direct 
contact with the ambient environment. The initial 
transmission rate , is therefore that of the inner ply 
alone, which in this ease is about twice that of the 
single-ply film having a T = 20. Over time, the par- 
tial pressure of oxygen within the space 40 will 
approach its equilibrium partial pressure of about 
0.10 atm and the barrier will behave as a single-ply 
film having the same total thickness of the polymer. 
This is borne out in Figure 7 by the fact that the 
slope of the curve 10" gradually approaches that of 
the line labeled T = 20. 

Thus, Scholle's teachings are defective in at 
least three ways. First, there is no indication that 
there should be any space whatsoever between the 
two piles of the polymeric film. Second, even if 
such a teaching were present, there is no indication 
that this space should be anaerobic. Finally, 
Scholle's assertions that, at "steady state", the 
transmittance of two 0.5 mil films is less than half 
that of a single 1 mil ply simply are not true - the 
slope of the line 10" approaches that of the T = 20 
line toward equilibrium. Figure 7 clearly bears out 
the fact that at steady state the rate of transmission 
of the barrier is dependent almost solely upon the 
total thickness of the polymeric film or films used 
in forming the barrier. 

It is interesting to note that Guilbert mentions 
the use of an exterior over-packaging to protect an 
edible film. (See "Technology and Application of 
Edible Protective Films" at p. 375.) However, there 
is no recognition by Guilbert that an anaerobic 
space must be provided between these two films. 
Accordingly, the packing technique suggested by 
Guilbert will suffer from the same defects one 
would observe in a package in accordance with 
Scholle's limited teachings. 

Turning once again to formula 7 and realizing 
the fact that the variable b can be rewritten in 
terms of the distance X between* the two plies 20, 
30 as explain d above, it is clear that the total 
oxygen transmitted by a barrier 10 of the invention 



is at least in part a function of the distance X. In 
particular, if one were to significantly increase X, 
one would expect to significantly increase the half 
life of the barrier and significantly decrease the 

s transmittance of the barrier and the total oxygen 
transmitted through the barrier over time. It should 
be noted that, eventually, the barrier 10 will reach 
an equilibrium state wherein the total transmittance 
of the barrier is essentially the same as that of a 

io single-ply film having the same total thickness as 
the two plies 20. 30. regardless of the distance X. 
For a greater distance X. though, the half life will 
be increased and the barrier properties during the 
early life of the film will be improved significantly. 

15 The actual distance X chosen for a package of 

the invention such as that shown in Figure 3 can 
be varied as desired. In the embodiment noted 
above wherein a textured ply is used and a vacu- 
um is drawn on the space 40, the distance X will 

20 obviously be relatively small. If an anaerobic gas, 
such as nitrogen, is used to fill the space 40, the 
distance X between the plies can be increased "at 
will. However, there will be some practical limita- 
tions on the distance X in commercial packaging 

25 situations. 

For instance, the barrier 10 must meet certain 
other physical requirements in addition to oxygen 
transmittance, such as tensile and shear strengths, 
in order to be commercially useful. If one were to 

30 greatly increase X, this would permit one to signifi- 
cantly reduce the thickness of the plies 20. 30. 
However, if the plies are made too thin, they will 
not be able to withstand even normal abuse during 
shipping and handling. The distance X would there- 

35 fore vary dependent upon a number of different 
factors, including the product being packaged' and 
the anticipated storage conditions of that package! 
However, as a general rule it is believed that the 
distance X should be between about 100 and about 

40 10,000 times the average thickness of the two 
plies. In the preferred embodiment noted above, 
wherein the thickness of the plies is desirably at 
least about 10um, this will lead to a minimum 
distance of about 1000 um (1 mm, or about 4 

45 mils). 

Figure 8 schematically illustrates another em- 
bodiment of a barrier 10 of the invention. In this 
embodiment, the barrier includes an inner ply 20 
and an outer ply 30. as described above in connec- 

50 tion with Figure 1, However, the embodim nt 
shown in Figure 8 also utilizes a third, intermediate 
ply 25 disposed between the inner and outer plies. 
As illustrated in that drawing, this will divide the 
space 40 between the inner and outer plies into a 

55 first anaerobic space 42 and a second anaerobic 
space 44. 

In many respects, the barrier illustrated in Fig- 
ure 8 will perform much like the barrier shown in 
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Figure 1. However, by adding an additional ply to 
the barrier one can further increase the half life of 
the barrier 10 by creating two anaerobic spaces 
within which the partial pressure of oxygen must be 
increased. Thus, the barrier shown in Figure 8 
would outperform the barrier shown in Figure 1, at 
least until equilibrium is reached. If the total thick- 
ness of the various plies used in these two different 
embodiments is the same, at equilibrium one would 
expect the total transmittance of both of these 
barriers to be virtually identical. The embodiment 
of Figure 8 simply further delays the equilibrium 
conditions, thereby reducing the total oxygen trans- 
mittance of the barrier. 

Figure 9 illustrates yet another embodiment of 
a multiple-ply barrier. This barrier utilizes an inner 
ply 20 and an outer ply 30 with an anaerobic space 
therebetween. However, the intermediate ply 25 
shown in Figure 8 is replaced with a plurality of 
generally tubular members 25\ These tubular 
members are formed of a polymeric film and are 
desirably filled with an anaerobic gas. In order for 
oxygen to be transferred through this barrier, it will 
first have to pass through the outer ply into the 
series of divided anaerobic spaces 42* adjacent the 
outer ply 30. The oxygen will then be transmitted 
through the polymeric film of the tubular members 
25' into the anaerobic space 46' therein. The oxy- 
gen must then pass from the anaerobic space 46' 
into the series of anaerobic spaces 44' adjacent the 
inner ply 20. Only then will the oxygen be able to 
proceed into the interior of the package into con- 
tact with the product. 

This barrier shown in Figure 9 therefore essen- 
tially behaves as a 4-ply barrier in accordance with 
the invention. It should be understood that any 
number of plies may be used in the barrier of the 
invention provided that there is an inner ply 20, an 
outer ply 30, and at least one anaerobic space 40 
disposed between these two plies. If additional 
plies are used, the anaerobic space 40 may be 
subdivided into a series of smaller spaces, but the 
principle of the invention remains the same. 

Figure 10 illustrates yet another embodiment of 
a composite film barrier of the invention. As in the 
previously described embodiments, the present 
embodiment-includes an inner ply 20, an outer ply 
30 and an intermediate ply 25 disposed between 
the inner and outer plies. However, in this embodi- 
ment the intermediate ply is corrugated to define a 
serpentine cross section, as shown in Figure 10. 
This intermediate ply abuts the inner and outer 
plies at the apexes of its corrugations and, in a 
particularly preferred embodiment, the intermediate 
ply is physically attached to the inner and outer 
plies along some or all of these lines of contact. 
This attachm nt may b accomplished in. any suit- 
able fashion such as adhesion with a cementitious 



material of by heat sealing the plies to one another. 

The construction shown in Figure 10 provides a 
three-ply barrier, i.e. a barrier which will function in 
much the same manner as that shown in Figure 8. 

5 In accordance with the invention, the spaces 42,44 
between the plies may be filled with an anaerobic 
gas, such as nitrogen. In one preferred construction 
of this barrier, though, the anaerobic gas in the 
spaces 42,44 is greater than ambient pressure. 

70 This will lend structural strength to the barrier, 
making the barrier useful in forming "semi-rigid" 
packages. Obviously, the pressure within the 
spaces 42,44 should not be so great as to cause 
the plies to rupture during normal shipping and 

is handling. Hence, the pressure should be greater 
than ambient pressure but not too great: a pressure 
differential of between about 0.1 and about 0.5 atm 
should work well. 

A somewhat different embodiment of the inven- 

20 tion is shown in Figure 11. Whereas all of the 
previous embodiments utilize a only polymeric 
plies to define anaerobic spaces, the invention de- 
picted in Figure 1 1 utilizes a foamed polymeric 
material sandwiched between two pties 20,30 to 

25 accomplish a similar end. In particular, the package 
100 of this embodiment includes a polymeric ma- 
terial which is foamed to define a polymeric matrix 
110 having a plurality of anaerobic spaces 120 
dispersed throughout this matrix. 

30 In a preferred embodiment, the foamed poly- 

mer is disposed between inner and outer plies (20 
and 30, respectively) of a polymeric material such 
as that set forth above. The anaerobic spaces 120 
may be essentially under vacuum or may be filled 

35 with an anaerobic gas, not unlike the anaerobic 
spaces 40 in the previous embodiments. In most 
instances, it is anticipated that the spaces 120 will 
be filled with an anaerobic gas rather than utilizing 
vacuum in order to avoid undue structural stress on 

40 the foam structure. Utilizing the foam matrix 110 of 
this embodiment will serve to further reduce the 
oxygen transmittance of a barrier 10 of the inven- 
tion because oxygen must migrate through the 
matrix 110 before entering the anaerobic spaces 

45 120, further delaying the increase in oxygen con- 
centration in the anaerobic space. This foam may 
also increase the structural properties of a barrier 
in accordance with the invention by supporting the 
two plies in a spaced-apart relationship and, per- 

so haps, adding structural rigidity to the barrier. 

The foamed matrix 110 of the embodiment 
shown in Figure 1 1 may b formed of any suitable 
material that includes substantially anaerobic 
"spaces 1 20 dispersed relatively uniformly through- 

55 out. Care should be taken, though, that the spaces 
do not become filled with air or any other aerobic 
gas; if air is present in these, spac s 120, th 
barrier would not perform very well, as suggested 
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by Figure 7. One possible material for forming the 
foam matrix 110 is polystyrene. A sheet of foamed 
polystyrene may be injected between the plies 
20,30 by extruding a bulk polystyrene material, 
such as polystyrene beads, and injecting a low- 
boiling-point hydrocarbon, such as Freon 12 or 
pentane, into the molten polystyrene. This type of 
manufacturing process is commonly utilized in for- 
ming foamed polystyrene products such as con- 
tainers for eggs, hot beverage containers and the 
like by molding such a polystyrene sheet into the 
desired shape. If so desired, the matrix 110 may 
be formed of polystyrene or the like as a sheet 
material and this, sheet materia! may be laminated 
with a ply of polymeric material on either side to 
form a barrier such as that shown in Figure 11. 

As noted above, the present invention also 
encompasses a variety of package designs incor- 
porating a barrier of the invention. One embodi- 
ment of such a package is shown in Figure 3, 
wherein a product is completely enclosed in the 
inner ply 20 and the outer ply 30 fully encloses the 
inner ply and the product. Two additional embodi- 
ments of packages according to the present inven- 
tion are illustrated in Figures 12 and 13. 

In the embodiment of Figure 12, the package 
200 comprises a plurality of sidewalls 210 defining 
an inner cavity 215 for receiving a product P. Most 
of the sidewalls are formed of a barrier 10 of the 
invention. As explained above, this barrier is desir- 
ably formed from a transparent, or at least translu- 
cent, material to permit a consumer to view the 
contents of the package. 

At least a portion of one sidewall 212 of the 
package, though, is desirably formed of another 
material, which may be opaque. Forming this side 
of an opaque material permits a label or the like to 
be imprinted directly on the package. The material 
used in this sidewall 212 should have an oxygen 
transmittance no greater than that of the barrier 10 
of the invention, and preferably has a transmittance 
lower than that of the barrier 10. This sidewall 212 
may, for instance, be formed of a laminated ma- 
terial that incorporates a metal layer, such as an 
aluminum film, which would make the sidewall 212 
essentially oxygen impervious. This structure uti- 
lizes material quite efficiently in producing a pack- 
age which permits a consumer to see the product 
at the point of purchase. 

As explained previously, it is important that the 
barrier 10 of the invention be essentially sealed 
from dir ct contact with the ambient environment. 
Accordingly, when the sidewalls 210 of the pack- 
age shown in Figure 12 is formed, the plies of the 
barrier should be sealed together to seal off the 
anaerobic space therebetween. This may be ac- 
complished by sealing the plies of the. barrier to- 
gether while leaving excess material extending be- 



yond the seal, with the other sidewall 212 being 
attached to this excess material after the product P 
is placed in the inner cavity 215 of the container. 
Alternatively, the sealing of the plies may take 

5 place when the sidewall 212 is attached to the 
remaining sidewalls, such as where the sidewall 
212 is attached to the rest of the package by heat 
sealing or the like, 

Another embodiment of a package 200' ac- 

10 cording to the invention is shown in Figure 13. In 
this embodiment, a barrier 10 of the invention com- 
prises only a single sidewall 212* of the package 
while the remaining sidewalls 210* are formed of 
another material. Once again, it is preferred that 

75 the material comprising the other sidewalls 210* 
have an oxygen transmittance no less than that of 
the barrier. This embodiment has particular utility 
providing a window or a visible side in a package 
which is otherwise opaque or translucent. 

20 For instance, many food products, such as 

frozen foods, are sold in trays which are sized to 
hold a single serving of a product. The trays must 
generally be formed of an opaque material that has 
sufficient structural strength to contain the. product 

25 and function as a plate or bowl for the consumer. In 
accordance with the invention, a tray such . as that 
commonly used in packaging frozen foods may be 
provided with a substantially transparent composite 
film barrier of the invention as a cover on the tray. 

30 The barrier 10 should be sealingly attached to the 
tray about the periphery of the 1 upstanding 
sidewalls 210* in such a manner as to effectively 
seal the plies of the barrier to one another and seal 
the barrier to the sidewalls; heat sealing . should 

35 work well for many polymeric materials. 

Alternatively, it may be desirable to provide a 
package that has a very low oxygen transmittance 
and utilize a barrier of the invention as a relatively 
small window in only a portion of a single sidewall. 

40 Although this embodiment is not specifically illus- 
trated in the drawings, it is very similar to the 
embodiment of Figure 13 except that only a portion 
of the sidewall 212' would be formed of a barrier 
10. with the balance of that sidewall being formed 

45 of a material having a transmittance of no less than 
that of the barrier. Such a package may be used, 
for instance, when there is a need to protect the 
product from the effects of excessive ultraviolet 
light, yet it is desirable to atlow consumers to see 

so the product at the point of sale. 

While a preferred embodiment of the present 
invention has b en described, it should be under- 
stood that various changes, adaptations and modi- 
fications may be made therein without departing 

55 from the spirit of the invention and the scope of the 
appended claims. 

The features disclosed in the foregoing d - 
scription in the following claims and/or in the ac- 
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companying drawings may, both separately and in 
any combination thereof, be material for realising 
the invention in diverse forms thereof. 

Claims 5 

1- A composite film barrier (10) comprising an 
inner ply (20) of a polymeric material to be 
disposed adjacent a product, an outer ply (30) 
of polymeric material spaced away from the 10 
inner ply (20), and a substantially anaerobic 
space (40) defined by the inner and outer plies 
(20,30). 

2. The barrier of Claim 1 , wherein said anaerobic 75 
space (40) is filled with an anaerobic gas. 

3. The barrier of Claim 1, wherein an inner sur- 
face (22,32) of at least one of the inner ply (20) 

and the outer ply (30) is textured, said space 20 
(40) being under vacuum. 

4. The barrier of any one of the preceding 
Claims, wherein the ratio of the oxygen trans- 
mittance of the inner ply (20) to oxygen trans- 25 
mittance of the outer ply (30) is between about 

0.4 and about 0.6. 

5. The barrier of any one of Claims 1 to 3, 
wherein the oxygen transmittance of the inner 30 
ply (20) is substantially the same as the oxy- 
gen transmittance of the outer ply (30). 

6. The. barrier of any one of the preceding 
Claims, wherein at least one of the inner ply as 
(20) or the outer ply (30) is formed of an edible 
polymeric material. 

7. The barrier of Claim 6, wherein the inner ply 

(20) is formed of an edible polymeric material. ao 

8. The barrier of Claim 6 or 7, wherein the outer 
ply (30) is formed of an inedible polymeric 
material. 

45 

9. The barrier of any one of the preceding 
Claims, wherein the distance between the inner 
ply (20) and the outer ply (30) is at least about 
100 times the thickness of one of said plies 
(20,30). 50 

10. A package (200) incorporating a barrier ac- 
cording to any one of the preceding Claims. 
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